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13.1 Introduction

The efficiency with which pathogens are dispersed as airborne inoculum depends
on characteristics of the propagules they produce and on the environment. In
general, the better a species is adapted for dispersal by one particular means, the
poorer are its chances of being efficiently dispersed by another. For example,
phytoplasmas and viruses, which are well adapted for dispersal in planting
material and by vectors, are not effectively spread as airborne inoculum.
Similarly, bacteria are not spread in air currents except in wind-blown rain or in
infected or contaminated wind-blown plant debris. Fungi on the other hand are
remarkably well suited for dispersal as airborne inoculum and show many
sophisticated adaptations that enable efficient dispersal in air currents. For this
reason, and because other groups of pathogens are generally not airborne, the
remainder of this chapter will emphasise airborne dispersal of fungi.

13.2 Spore production by fungi
Airborne dispersal of fungi is mostly by spores although hyphal fragments can
also become airborne. Fungal spores can be divided into two types, sedentary
and dispersal spores. Sedentary spores are norrnally resistant resting spores
(e.g. chlamydospores, oospores, 4/gospores, teliospores) which in most cases are
poorly adapted for airborne spread. However, they can withstand unfavourable
environments, lysis by micro-organisms and the absence of suitable hosts.
Sedentary spores lie in wait for a suitable host to appear and often function as
primary inoculum (inoculum that starLs the disease cycle in a new season or
location). Due to their longevity, they enable dispersal in time rather than
dispersal in space. Dispersal spores, (e.g. conidia, sporangiospores, ascospores,
basidiospores, urediniospores) on the other hand, are adapted for dispersal in
space and usually remain viable for relatively short periods (days to weeks). Some
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can be transported for long distances, often hundreds or even thousands of
kilometres, and can serve as primary inoculum. In most instances however,
dispersal spores are transported for relatively short distances and serve as
secondary inoculum (inoculum that enables the disease to build up during a
season).

Factors influencing the dispersal efficiency of airborne inoculum include the
number of spores produced, the efficiency of spore liberation, transportation and
deposition, the longevity of the spores and the environment.

The spread of spores as airborne inoculum from their source of production,
and their subsequent landing on a suitable substrate depends to a large extent
on chance, particularly with spores that are dispersed over long distances. Once
inoculum becomes airborne its movement is entirely dependent on air currents
and the chance of it landing on a suitable host is somewhat remote. To overcome
this element of chance, inoculum is produced in large quantities. For example, a
small apothecium of ScLerotinia scLerotiorum can produce 3O million ascospores
and a medium sized mushroom such as the field mushroom (Agaricus campestrts)
can liberate over half a million spores per minute for periods of several days.
However, the wastage is clearly enormous because of (i) the infrequency of
suitable substrates, (ii) the rapid decline in spore numbers with distance from
their source of production, (iii) the loss of viability and infectivity with time and
(M tne frequent need for two spores of compatible mating types to germinate and
for the hyphae to fuse to form a dikaryotic infectious colony (e.g. many smut
fungi).

The actual number of spores produced by pathogenic fungi is not the only
factor that influences the efficiency of airborne dispersal. The duration of spore
production, periodicity of spore production and the longevity of spores are also
likely to be important. Some parasites produce spores over an extended period by
producing several successive crops of spores (e.g. some species of Phgtophthora
and Cercospora). Other fungi such as the cereal rusts produce large numbers of
spores for two to three weeks after which production ceases, unless new colonies
commence to sporulate. The production of spores for extensive periods increases
the chance of their causing infection, particularly in those species that require
special environments that may not always be present.

Many fungi show distinct daily or diurnal patterns of spore discharge which
influence the time of day when spore numbers in the air reach a maximum. For
example, spores of mirror-image yeasts such as SporoboLomgces spp. reach a
peak at about midnight while production of sporangia of Peronospora tabactna
peaks soon after dawn. Sporangia of Phgtophthora infestans, conidia of some
species of Ergsiphe and CuruuLaria and teliospores of Ustilago trttlct reach a
maximum around midday. Conidia of Monitinia taxa, the cause of blossom wilt
and brown rot of apricots, reach a peak between t8:00 and 2O:0O in the
Sacramento Valley of California. Some species show more than one daily peak
while others show no periodicity in sporulation. Most patterns in daily periodicity
have been related to environmental factors such as light, temperature and wind.
The significance of daily rhythms in spore production and release on the success
of fungi as plant pathogens is uncertain.

After spores are formed, there are a number of obstacles that must be
overcome before they can be effectively dispersed as airborne inoculum. As with
the flight of an aircraft, three major episodes can be recognised:
. spore liberation or the 'take-off

. spore transportation or'the flight'

. spore deposition or'the landing'.
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13.3 Spore liberation or the 'take-off'

Spore liberation is the process whereby spores take-off from the substrate on
which they are produced, pass through the still air boundary layer surrounding
all surfaces and enter the turbulent layers of the atmosphere. The size of the
layer of still air around objects varies depending on wind speed and the
roughness of the surface. On windy days it may only be a fraction of a millimetre
in thickness whereas on clear, windless nights it may be a metre or more.
Effective dispersal is dependent on the fungus being able to launch its spores
through the still air layer and into the turbulent atmosphere.

Energy is required to liberate spores into the turbulent air. This energy can
come from within the fungus itself in the case of active llberation or it can come
from an external source such as gravity, wind or raindrops in the case of passive
liberation (Table 13. l).

Table 13.1 Mechanisms of spore l iberat ion in fungi.  (From Lacey, 1996.)
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Liberation
mechanism

Dry Water-deoendent

Active Hygroscopic movements
Phg tophthor a tnJe s tans

Water rupture
D eig htoniella torulo s a
Corynespora cassiicola
Alternarin spp.

Passive

Squirt gun mechanisms
Ascomycotina

Squirting mechanisms
Pilobolns kleinii

Rounding of turgid cells
Entomophthor a cor onata

Ballistospore discharge
Basidiomycota,
Sporobolomgces spp.

Mist pick-up
Cladosportum spp.

Rain tap and puff
Puccinia" recondita

Bellows mechanism
Geastrum spp.

Rainsplash
Colletotrbhumlindemuthianum

Drip splash
Various

Bubble scavenging
Aquatic fungi

Droplet launching
Aquatic fungi

Shedding under gravity
Uncertain importance

Shedding in convection currents
Uncertain importance

Deflation
Dictydium spp.

Mechanical disturbance
Erysiphe gramints

Insect transmission
Anamorph of Clauiceps purpurea

Active liberation
During their evolution, fungi have developed a variety of mechanisms for actively
liberating spores. In most members of the Ascomycota, mature asci protrude
above the hymenium and squirt the ascospores they contain for distances of 2 to
4OO mm into the air. This is often referred to as a squirt-gun mechanism of
discharge (Fig. l3.lA). Ascospores may be discharged singty (e.g. Srrenomycetes)
or simultaneously by releasing puffs of ascospores (e.g. Discomycetes). In
Basidiomycota that actively liberate their spores (e.g. Hymenomycetes) a drop of
liquid appears on the end of the basidiospore immediately before it is violently
discharged to a distance of about I mm. Spores discharged by this mechanism
are called ballistospores (Fig. 13.18). The exact mechanism of ballistospore
discharge is still not fully understood. The discharged basidiospores then drop
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between the gills (in the case of agarics) into the turbulent air below. Active
discharge of ascospores and basidiospores requires a sustained supply of water
because both depend on the activity of turgid cells. It is for this reason that active
liberation of ascospores and basidiospores is often associated with damp rainy
conditions. In southern Australia, for example, ascospores of Eutgpa arrnentacae,
the cause of eutypa dieback and gummosis in apricot trees, are released with
every rain event exceeding 2 mm from the time perithecia mature in August until
they are finally exhausted in May of the following year.

{

n  n f r
U C g  Y
A A A

Some mechanisms of spore liberation in fungi. (A) Squirt-gun mechanism
in an ascomycete. (B) Ballistospore discharge in a basidiomycete. (C) Water-
squirting mechanism in Nigrospora sp. (D) Rounding of a turgid cell in
Arthintum cusptdatum. {E) Hygroscopic twisting mechanism in a downy
mildew. (F) Bellows action in a puff-ball. (G) Rainsplash mechanism in
Venturiatnaequalis. (H) Splash-cup mechanism in a bird's nest fungus.
(From Brown, 1980.)
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A water rupture mechanism is involved in the liberation of conidia of
Deightonielta toruLosa, the cause of black leaf and fruit spot of bananas. In dry
conditions water evaporates from the conidiophore and the thin cell wall in the
apical region is sucked inwards as the cell dries but returns to its former position
when a gas bubble forms. This sudden movement flicks the conidium from its
conidiophore and the spore becomes launched. A water-squirting mechanism of
spore discharge occurs in the dung-inhabiting fungus PtLoboLus sp. and the
saprophyte and weak plant parasite Nigrospora sphaerica (Fig. 13.1C). With l[.
sphaerica a large (2O pm diameter) black conidium forms on a short
conidiophore. The conidiophore bursts and releases a jet of fluid that carries the
conidium 20-60 mm into the air.

Violent spore discharge by Peronospora" parasitica. the cause of downy mildew
on brassicas, is thought to involve electrostatic charges. As the host plant dries
out it becomes charged and apparently repels the similarly charged sporangia.
Discharge of sporangia of Phgtophthora tnJestans is thought to involve a
hygroscopic mechanism in which the sporangiophores twist violently with
changing relative humidity to catapult the sporangia into the air (Fig. f 3.1E).

Passive Iiberation

Many pathogens that do not actively discharge their infective propagules into the
air are still efficiently dispersed as airborne inoculum. The kinetic energy for
propagule liberation in these species comes from an outside source such as
gravity, raindrops or wind. The propagules of many bacteria and fungi that
produce their spores in a slimy matrix (e.g. Coltetotrichum and Fusartum) enter
turbulent air as a result of rainsplash. When raindrops land on a liquid film
containing fungal spores or bacterial cells, the secondary droplets resulting from
the impact contain a mixture of the raindrop, the liquid film and the spores or
bacterial cells (Fig. 13.1G). Droplets released in still air accelerate downwards
under the action of gravity until the gravitational force is counterbalanced by
aerodynamic drag forces after which the fall continues at a constant terminal
velocity. It has been shown that when a 5 mm diameter raindrop falling at
terminal velocity strikes a I mm thick film of water containing a suspension of
conidia of Fusarrum sol.ani., it disintegrates to form from 1OO to over 5,OO0
secondary droplets ranging in diameter from 5 to 2,400 pm. These secondary
droplets are thrown for a distance of up to I m. The volume of the secondary
droplets range from 25 to 2OOo/o of the incident droplet. The number of droplets
formed and the proportion containing spores increases with raindrop size and
velocity and as the thickness of the target film increases. The location of the
spores in splash-drops depends on whether the spores are wettable. Wettable
spores are carried inside the droplets while non-wettable spores are carried on
the surface. Splash dispersal directly disperses propagules over short distances
to uninfected tissue of the same plant or to neighbouring plants. In addition,
many small spore-containing droplets can remain suspended in the air and be
dispersed by wind.

Other means of passive liberation include the shedding of conidia by gravity
and minor air currents, the upward movement of spores by convection currents
and the dislodging of spores from foliage by vibrations caused by raindrops and
other objects.

13.4 Transportation of spores or' the f l ight '
Most of the information available on the movement of spores through air is based
on data obtained from spore trapping devices, from studies on the pattern of
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spread of di.sease epidemics and from the results of pathogenic race surveys. The
most common fungal spores found in air during daytime belong to genera such as
Ctadosporium. ALternarta, Drechstera, Epicoccum and, during certain periods of
the year, various foliage-infecting plant pathogens such as rusts, smuts, powdery
mildews and downy mildews (Fig. 13.2). Cells of the mirror-image yeasts,
especially SporoboLomAces spp., ascospores and basidiospores are also important
components of the air spora, particularly after rain and during the night. The
number of spores of different species present in the air at any given time depends
on (i) the environment (e.g. perithecia of Eutgpa qrrneniacae only liberate their
ascospores after rain whereas dry spores such as rust urediniospores are washed
out of the air by rain), (ii) the diurnal periodicity of spore discharge and (iii) in the
case of plant pathogens, the intensity of the epidemic. The air spora can be
divided into two categories, the dry air spora or xerospores and the wet air spora
or gloiospores (Table 13.2).
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Flgure 13.2 Some fungal spores commonly isolated from air. (From Ingold and
Hudson, 1993.)

The horizontal movement of spores from their site of liberation can be likened
to the three dimensional, conical-shaped movement of a smoke-plume from a tall
chimney. A spore cloud, however, originates closer to the ground and as it moves
downwind the concentration of spores declines rapidly due to deposition of some
of the spore load and dilution of the remaining spores due to the conical shape of
the cloud. About 90% of spores originating from sources near the ground are
deposited within IOO m of their point of liberation.

It is important for a plant pathologist to know how far the propagules of
specific plant pathogens travel in air so that danger zones can be recognised and
management strategies implemented. Dispersal curves can be plotted by either
esUmating the number of spores in the air using spore trapping devices or by
counting the number of lesions that develop on plants at different distances from
sources of inoculum (Fig. 13.3). When this is done a characteristic convex curve
is obtained. This curve can be straightened by using logarithmic scales on each
axis.

?0 pm
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Comparison of fungal dry air and wet air spora.

213

Table 13.2

Dry air spora
(xerospores)

Wet air spora
(gloiospores)

Size
Colour
Time when present

Appearance
Longevity
Examples

usually large
usually pigmented

during the day in fine dry
weather

dry and powdery

relatively long

urediniospores of rusts,
teliospores of smuts,
conidia of powdery mildews,

Alternaria, Botrgtis,
Clado s p oriurn" Dr e chsle r a.
Epicoccum

usually small
usually hyaline
at night in fine weather; during

the day in rainy weather
slimy and glistening

relatively short
bacterial cells,
conidia of Colletotrichum and

Fusartum
ascospores of Taptvina
basidiospores

Fungal spores also move vertically in the air as a result of thermal convection
updraughts. However, their concentration normally decreases logarithmically
with height above the ground (Table 13.3). The distance that spores move
vertically into air is probably related to their size. Larger (and heavier) spores are
likely to settle out under the action of gravity sooner than smaller and lighter
spores, particularly when air is relatively still. The vertical extent of the biosphere
is not fully understood. However, viable spores of. ALternarra spp. and
Ctadosporium spp. have been found at low concentrations at altitudes of over
3O.OOO m.

0  1 0  2 0  3 0  4 0  5 0
Distance from inoculum source (m)

Figure 13.3 Dispersal of grapevine downy mildew from a point source 14 days after a
single infection period on 29 November 1989 in a vineyard at Nuriootpa,
South Australia. (From Magarey, Wicks and Wachtel, 1990.)
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Table 13.3 Concentration of urediniospores ol Puccinia graminis triticitrapped on glass slides
at various heights above heavily infected wheat fields in Manitoba, Canada in 1930.

Height above ground (m)
Spores per cm2

r,525 3,050
r ,240 15.5

305
3 ,721

4,270
1 . 5

It would appear that wind dispersal is essentially local and that practical safety
zones around foci of infection are remarkably small. However, there are some
exceptions to this generalisation. Urediniospores of plant rusts can be
transported for long distances in certain directions. There is strong
circumstantial evidence based on pathotype survey data to suggest that
urediniospores of Puccinia graminis triticr can be transported in a westerly
direction in jet streams from southern Africa over the Indian Ocean to Australia
(about 13,OOO km). Similarly, urediniospores of a number of rust species have
been transported from eastern Australia over the Tasman Sea to New Zealand, a
distance of about 2,OOO km (Table 13.4).

Table 13.4 Some rust fungi that appeared in New Zealand shortly after they were first found in
Austral ia. (Data provided by Dr E. H. C. McKenzie.)

Rust Australia New Zealand

Puccinta antLrrhtni
Melampsora euphorbiae
Melampsora medusae
M elamp s or a Laricl- p opulina
Puccinta oxaltdis
M elamp s or a cole o s p ortoide s
Puccinia stnEflormis
PhragmidiumuiaLaceum

Oct. 1952
Sep. 1953
Jan.1972
Feb. 1973
Apr. 1976
Apr. 1978
Oct.  1979
Feb. 1984

Dec. 1953
Feb.  1954
Mar. 1973
Mar. 1973
Jan.1977
Nov. 1978
Nov. 1980
Jan. 1990

Although the spores of many species of fungi can be transported for long
distances as airborne inocula, it is likely that natural barriers such as mountain
ranges, oceans and deserts prevent the spread of most species. For pathogens to
become established in new geographic areas, their spores must withstand the
airborne environment and be viable when they are eventually deposited onto a
suitable substrate. Spores of different species vary in their ability to withstand
the hazards (ultra-violet radiation, desiccation, extreme temperatures)
encountered during their flight. Thick-walled, pigmented spores such as
ALternaria, CLadosportum, Drechslera, Epicoccum and Pucctnia may survive longer
than thin-walled, hyaline spores such as those of the powdery mildews and
F.rso"rtum spp. Only those spores that are alive at the end of the flight are of
biological significance.

13.5 Deposit ion of spores or the ' landing'

Having become airborne and having been transported, the next obstacle facing a
spore is to get out of the turbulent air, cross the boundary of still air surrounding
plant surfaces and land on a substrate suitable for growth and multiplication.
Spores move from the turbulent atmosphere to plant surfaces by impaction,
sedimentation under gravity, boundary layer exchange, turbulent deposition,
electrostatic deposition or rain washout. Of these impaction, sedimentation and
rain washout appear to be the most important.
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Impaction

The impaction of droplets or particles onto solid objects has been studied
extensively both theoretically and in wind tunnel experiments, especially by P. H.
Gregory in the United Kingdom during the 1940s and 1950s. When a solid object
such as a cylinder, or the leaf of a plant, is placed in a wind stream, the
oncoming airstream must flow around the obstruction. However, airborne
particles such as fungal spores in the airstream may be carried for some distance
towards the object by their own momentum before being deflected around the
object. Some spores are impacted onto the object (Fig. 13.4).

Figure 13.4 Diagram of the trapping of dry spores on a dry cylinder (seen in transverse
section) in an air-stream with laminar (non-turbulent) flow. Air contains
large spores (f 0 pm) and small ones (3 pm). A black dot represents a spore
at an earlier stage and a white one at a later stage. The small spore (a) is
not impacted but the larger (b) on the same course is impacted. The large
spore (c) bounces off and is carried round the cylinder but if it is already on
the cylinder (d) it is not blown off. The large spore (e) is deflected round the
cylinder without hitting it. (From Ingold 197I.)

Trapping efficiency by impaction rarely approaches I0O0/o because most spores
are deflected around obstructions. Impaction efficiency is influenced by the
momentum of the spore (mass x velocity) and the size of the object disturbing the
airflow. Wind tunnel experiments indicate that the efficiency of impaction onto
vertical cylinders is increased by
. increasing wind speed
o increasing the mass of the particle (by increasing size or density)
o decreasing the diameter of the target and
. making the target or particle sticlry so that it does not bounce off after impact.

The spores of most foliar pathogens are relatively large and are therefore
efficient impactors. Small spores such as those produced by species of AspergiLtus
and PeniciLLtum are unsuitable for impaction. It has been estimated that small
spores such as those of the puff-ball Lgcoperdon perLatum (4-5 pm diameter)
would require a wind speed of about 90 km h-i to impact onto a grass leaf with
only lo0lo efficiency. Most fungal spores, except very large spores (or groups of
spores) produced by some lichenised fungi, would not impact onto large objects
such as tree trunks.

Sedimentation

Sedimentation of spores (falling from air under the action of gravity) is normally
confined to the layer of still air surrounding solid objects. As mentioned
previously, the thickness of this layer normally ranges from a fraction of a
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millimetre to a few millimetres. However, on clear still nights its thickness may
expand to a metre or more above the ground.

The speed with which spores fall in still air under gravity depends on the size,
density, shape and roughness of the spore. The relative rate of sedimentation of
spores of different sizes can be estimated by the application of Stokes' law which
enables the rate of fall of smooth-walled, spherical objects in still air to be
calculated. Basically, Stokes' law states that the rate of fall of a spherical spore is
approximately proportional to the square of its radius. Some workers have
modified Stokes' equation to adapt it to non-spherical and rough-walled spores.
There is reasonably good agreement between theoretical rates of sedimentation
and those observed in experiments. Rates of fall vary from between O.O5 cm sec-r
for small spores such as those of the puff-ball Lgcoperdon pgrtjorme (4 prn
diameter) to about 2.4 cm sec-l for large spores such as those of Btpotaris
soroktntana (80 pm x 15 pm). Elongated spores have reduced terminal velocities
relative to spherical spores of the same volume.

It is generally assumed that deposition on to horizontal surfaces is
predominantly by sedimentation while that on to vertical surfaces is by
impaction. Angled surfaces would receive spores by both methods.

Rain washing

Natural raindrops vary in size up to a maximum diameter of about 5 mm. Above
about 5 mm diameter they become unstable and break up into smaller drops that
have terminal velocities ranging from about 2 to I m sec-l.

The ability of raindrops to pick up spores during their descent follows the same
principles as those for impaction. As the raindrop falls eddy currents flow around
the droplet and only relatively large spores are efficiently picked up and deposited
with rain washings. Small spores flow around raindrops during their descent. It
has been estimated that collection efficiency for spherical spores of all sizes is
greatest by raindrops of about 2 rnm diameter. However, impaction efficiency for
small spores such as PenicilLtum (4;lm diameter) would only be l5%o compared
with 850/o for larger spores such as rusts and powdery mildews (20-30 pm). In
addition raindrops may also act as electrostatic collectors of spores.

The removal of spores of leaf and stem parasites by raindrops can result in the
spores being taken out of the air and deposited on unsuitable substrates such as
oceans and the ground. Consequently, the amount of inoculum in air can be
reduced after periods of rain. Rain washout decreases the concentration of spores
remaining in air exponentially. It has been estimated that 6O% of 3O pm particles
would still be airborne after 15 minutes of rain falling at 2 mm h-r and |2o/o after
t hour. In contrast, 72o/o of small particles (a pm) would still be airborne afLer 2
hours.

13.6 Methods used to study air spora
The spore content of the air has been studied in great detail particularly by
mycologists and plant pathologists interested in the epidemiology of plant
diseases. The air spora has also been studied by mycologists interested in
possible relationships between inhalant allergies and the presence of fungal
spores and pollen grains in the air. This topic was reviewed in detail by Gregory
(1961) in his book The Mtcrobiologg oJtlrc Atmosphere.

The simplest method of trapping fungal spores from the air is to use a
horizontal microscope slide that has been coated with a sticky compound such as
paraffin or petroleum jelly. After a period of exposure the slide can be examined
under a microscope to count and identiff the spores. Alternatively, a Petri dish
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containing a solid nutrient medium can be exposed to the air for short periods of
time (e.g. about l5 min.) and the colonies that develop after incubation can be
identified and counted. Both of these methods are simple but unsuitable for
quantitative studies. The number and type of spores that land on the surface of
the slide or agar plate will be greatly influenced by a number of variables,
particularly wind velocity. Under relatively calm conditions larger (and heavier)
spores will sediment from the air more rapidly than smaller ones. Similarly,
under turbulent conditions larger spores will be impacted onto surfaces more
efficiently than smaller spores. Thus both methods have a bias towards larger
spores. Furthermore, the volume of air sampled in a given time depends on the
wind velocity. Some workers have used a sticky glass rod attached to a wind vane
to collect impacted spores for subsequent identification. This method ensures
that a surface of the glass rod continuously points into the wind. These simple
methods, although not providing quantitative information, have given valuable
information on the air spora, particularly on diurnal and seasonal periodicity.

Nowadays most workers use volumetric spore traps to sample the air spora.
Sophisticated (and relatively expensive) volumetric spore traps include the
cascade impactor, the Hirst spore trap and the rotorod sampler. With the cascade
impactor air is sucked into the sampler at a known speed and then passes
through four jets which results in spores of different sizes becoming impacted on
to a sticky slide located behind each jet. The first slide traps the largest spores
and the fourth the smallest. Most fungal spores are impacted onto the first two
slides.

In 1952, Dr Jim Hirst working at Rothamstead Experimental Station in
England, developed a volumetric spore trap in which a known volume of air was
drawn through an orifice and spores impacted onto a sticlcy microscope slide that
was moved past the orifice by a clockwork mechanism. The sticky microscope
slide took 24 hours to pass the orifice. On removal from the trap, the slide could
be examined microscopically and changes in the air spora at different times of the
day detected. The Hirst spore trap has since been modified so that the sticky
surface on which the spores impact takes 7 days to pass the orifice. This has the
advantage that the sticky surface only has to be changed weekly instead of daily.
Hirst spore traps can be run on mains power or batteries.

The rotorod collector is a volumetric sampling device that consists of metal U-
shaped arms of known dimensions, usually 60 mm high and 1.6 x 1.6 mm in
cross-section. A small electric motor rotates the arms at known revolutions per
minute. The volume of air sampled by the leading surface of each arm of the
collector can be calculated. The metal arms of the collector can be replaced with
clear plastic of the same dimensions and made sticky with petroleum jelly or
silicone gel. Spores impact onto the sticlry surface during rotation. The plastic rod
can be mounted on a microscope slide (leading face upwards) and the spores
identified and counted.

The quantitative spore samplers described above suffer from two major
disadvantages. Firstly, it is difficult for inexperienced workers to identify the
spores that have been trapped. Secondly, it is usually not possible to distinguish
living from dead spores. To overcome these limitations, some workers prefer to
use samplers such as the Andersen sampler which traps spores of various sizes
on a nutrient agar medium. The principle of the Andersen sampler is similar to
that of the cascade impactor. This method facilitates measurement of viable
spores and the identification of the colonies that subsequently grow on the
nutrient medium. A disadvantage of the Andersen sampler is that many of the
spores trapped may not be able to grow on the nutrient medium used. Moreover,
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obligate parasites such as the rusts, powdery mildews and downy mildews cannot
be grown on artificial media.

Despite the inherent limitations of the sampling devices used to study the
character ist ics of the air  spora, these methods in conjunct ion with
epidemiological observations and strain survey data, provide very useful
information on the characteristics of the air spora.
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